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PREFACE
This report is one of a series of reports that documents the development of the LoanSTAR and
Technical Assistance deliverables. The developments are broken down into two divisions, Task
C and Task D. The following two tables itemize the deliverables for each Task. The information
included in this report represents the LoanSTAR and Technical Assistance deliverable Task D-
Number Four.
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EXECUTIVE SUMMARY
The information included in this report represents the LoanSTAR and Technical Assistance
deliverable Task D, number four, "Automated the Data Analysis/Quality Verification Process to
'Exception Only' (ESL internal)". This work reports on the Automated Data Quality process
development. This process is a three-phase development of a series of checks that monitor
polling information and raw files loaded into the database for low to high level data quality
analysis. Phase one and two are low-level polling and data quality checks and are the subject of
this report.
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1.0 INTRODUCTION
The Automated Data Quality process development is an effort to automate the analysis and
monitoring of the Energy Systems Lab's (ESL) polling and energy data process. Polling status
refers to basic telecommunication line states, quality of data communications, and logger-system
checks. The data from the Data Logging System can also be checked for quality at various
stages in the ESL's Data System.
2.0 DESIGN DOCUMENTATION
2.1 ESL' Data System Overview
The ESL's Data System is a set of technological tools that acquire, organize, and process energy
data. Specifically, the Data System is comprised of relational databases and database
applications that retrieve and manipulate sets of energy data. These include in-house derived
applications that retrieve the data from the remote loggers, load the data into the database,
perform savings calculations and help manage the configuration of the system (see Figure 1).
Prior to this effort, data quality of the system was largely derived through a manual, graphic
review process. This process, although accurate, is cumbersome in its scope and
implementation. Automation of the "lower-level" data quality checking will enabled a more
refined review process.
Figure 1. Energy Core Polling and Reloading Process Diagram
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2.2 Definitions and Process Descriptions
Data quality is composed of different tiers of information throughout the system. These tiers can
be defined by their position in the data processing stream. There are three major tiers in this
stream: 1) the telecommunications and download tier, 2) the load-time tier and 3) the offline tier
(see Figure 2).
Figure 1 displays the major data acquisition and loading portions of the ESL's Data System and
remote monitoring interfaces. The polling and loading process are critical areas where data
quality information may be acquired.
2.3 Telecommunications and Download Tier
The telecommunications and download tier is the first tier in the data acquisition and loading
stream (Figure 2). This tier of data quality is concerned with the quality and recording of the
telecommunication activity. This includes basic telecommunication line states (busy,
disconnected) and the quality of the data communications over the telecom link. The download
data quality includes information on the logger/data system synchronization checks (time and
parameters), and other downloading quality checks.
2.3.1 Process Functions and Input/Output
Functions:
• Check polling status (OK or FAILED) from pollcl80 queue output (pollcl80 -q).
• Check telecommunication state (busy, disconnected, connection established).
• Check telecommunication data quality (analog check, read verification, cyclical
redundancy checks, etc...).
• Store results to log files.
• Analyze log files and post results in "appropriate" data quality tables for review.
Inputs :
• Pollc 180 -q : Yields output with the sites and serial numbers that failed for the
week.
• Pollcl80.log : File that contains telecom state, telecom data quality information
for each polling.
• Manual polling updates (spreadsheet or direct web form updates).
Outputs:
• Process pollc 180 -q and pollcl80.log by joining to form faillist with the following
data:
o Julian week
o Site number
o Serial number
o Error description
o Download type (manual/auto)
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• pollcl80.log database load
• Manual polling updates to database
Figure 2. AutoQC Tier I. Telecommunications and Download Tier Process Diagram.
2.4 Load-time Tier
The load-time tier is a system of quality checks and algorithms that search for data quality when
the energy data are loaded into the relational database. Simple non-computationally intense
operations occur at this tier. Mining is divided into two distinct modes of operation, "blast" and
"bore". Blast being load-time analysis only and bore mining being data quality analysis that
incorporates historical or specific non-load-time information. Tier II is blast mining only (see
Figure 3).
2.4.1 Classification of Blast Mining Functions
The following are descriptions of the different functions that may be provided by this tier of data
quality. This process is intended to observe obvious trends in data. This processing will occur
relatively fast at the load-time tier. Blast mining checks for missing records (time series
inconsistencies), zeros, and -99s (missing data in ESL's terminology). Blast mining also scans
the Power fail and out of range tables to check for other indicators of a data channels integrity.
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Missing record (time series inconsistencies):
If not continuous data set load to missing_record table.
Table structure:
ch####, begin datetime stamp, end datetime stamp
Zero:
Check check_zeros and out_of_range table.
Table structure:
ch####, datetime stamp, value (0.0 or some limit to it)
-99:
Scan for -99 in the existing out_of_range table.
Power fail:
The reload program scans for this and stores the results in the existing power_fail table.
Data communication states:
Scan for certain logger dependent data communication states.
Out of range and negative:
Store high and low checks in the out_of_range table.
2.4.2 Process Functions and Input/Output
The blast data miner process consists of inputs, outputs and functions that process the data and
provide output for reviewers. Inputs to this process are the individual raw files and the data
quality tables. The output of the process is data quality information presented to the reviewer via
the data quality tables (see Figure 3). The blast data miner module is attached to the reload
application. This facilitates the processing via these functions at the load-time. Figure 3 shows
the overall process and its location in the data loading process. The following is a list of the
functions, inputs and outputs of the blast data mining operation.
Functions:
• Missing Records (no TSRs)
• Missing data (TSR is present but -99 or zero)
o Zero
o -99 (from the datalogger)
• Power fail or logger dependent data transmission quality checks
• Out of range checks
o High and low limit check of raw data versus the pre-determined fixed limits in
the database
o Load out_of_range table and not the channel table
Inputs:
• Individual raw file to load
• Data quality database tables
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Outputs:
• Results to appropriate database tables
Figure 3. AutoQC Tier II. Load-time Tier Process Diagrams.
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2.5 Offline Tier
The third tier is the offline tier, or the data quality check that is built offline of the data
acquisition and loading processes. Complex computationally intense data mining operations and
construction occur at this tier. This type of data quality mining is described as "Bore" mining to
indicate more granularity in the mining operation.
2.5.1 Bore mining features
Bore mining features are more complicated in nature than its blast mining counterpart. In this
Tier of analysis statistics and predictive channel typing are utilized. Some basic features of this
type of data quality analysis are:
• Channel Typing - Channels are analyzed and evaluated based on the type of channel
it may be, i.e. electrical analog, electrical digital, outside air temperature, etc...
• Behavioral and predictive analysis - Channels are analyzed based on historical trends.
• Knowledge based -Channels are analyzed based on specific knowledge about the
channel.
2.5.2 Basic Approach
Direct database analysis is achieved by utilizing the existing getdatc routine to retrieve data then
piping the results retrieved into the analysis function. Benefits of this approach are potential
speed of development and flexibility. The previously developed Getdatc application contains the
ability to retrieve channel data over discrete time frames. Another approach would be to do an
embedded sql routine to perform the analysis functions.
File system analysis can be performed much faster but does not directly reflect what is in use
(i.e. it is raw, unprocessed data). After data are loaded it is often nulled and rescaled for various
reasons.
This tier will be implemented in future research and development efforts.
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3.0 IMPLEMENTATION DOCUMENTATION
3.1 Automatic Data Quality Process -Tier 1
The principal objective of Tier 1 of the Automatic Data Quality process is the monitoring of the
telecommunication and polling data logs. This process loads logging information for sites that
failed in a given week which were polled by the Energy Systems Lab. This process uses various
C and Perl programs to process the outputs of other upstream programs to consolidate
telecommunication and polling problems for the week. The output of this process is written to
an ASCII flat file and is loaded into the ESL's databases.
Inputs:
Output:
Key Modules:
• /prod/raw/pollcl 80.log:
A flat file that contains logging information of sites polled for the week. This
file contains information for multiple weeks as well as that for the week. For
each week, site number, baud rate, phone number, and error descriptions are
listed in this file.
• pollcl80-q > poll.txt:
Lists sites and associated serial numbers that failed in the polling for the week.
• faillist.mmmddyy:
The Polling Fail-List for the week with the following data: site number, serial
number, baud rate, phone number, and error descriptions. This data is loaded
into the database by the faillist_load program.
• create_logfiles( ):
This process makes intermediate results. The resulting files are used as inputs
to union(). To deal with inputs beyond the stack capacity, pollcl80.log with
information for multiple weeks as well as that for the week are split into sub-
files with data for only one week. The results are the sub-files and
polling_list.txt file. The pollig_list.txt file lists the names of the sub-files
created.
• union():
pollcl80.log combines with the poll.txt to get the data processed for the week
in process. The final result of faillist.mmmddyy is generated from this
process.
• faillist_load():
Loads faillist.mmmddyy generated weekly to the faillist table in the database
(LSD/ESLD).
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Additional Info:
• Tier 1 is composed of three major modules: 1) create_logfiles( ),
2) union( ) and 3) faillist_load( ) . Since the original input oipollcl80.log
contains many redundancies, Perl scripts are used to filter out
redundancies and are executed during runtime.
Figure 4 displays a block diagram of the Automated Data Quality Process Tier 1. It shows how
the various inputs and outputs are processed and loaded into the 'faillist' table in the database.
This process begins by combining the polling logs with the current week of polling problems.
The polling logs are processed into week chunks (if necessary) and are combined with the
current polling queue. The polling queue are those loggers which remain to be polled. These
two sources produce an informative 'faillist' for the week. The data contained in this file is then
loaded into the database.
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Figure 4. AutoQC Tier I. Telecommunications and Download Tier Process Design Diagram.
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3.2 Automatic Data Quality Process -Tier 2 - Blast Mining
The principal objective of Tier 2 of the Automatic Data Quality process is the analysis of the raw
energy files for "low-level" data quality indicators. This process analyzes the raw files at load-
time, or when the raw files are loaded into the database. The results are stored in the database
for viewing by the data quality staff. This process uses various C and Perl programs and is
attached to the core loading application 'reload'. When data is loaded into the database it is
analyzed for "low-level" quality indicators.
"Low-level" quality checks are the power status of the logger, out of range checking, zero value
and missing record (gaps in the time series) tracking. The output of this process is written to a
flat file and is loaded into the ESL's databases.
Input:
• output of the reload process - SSSYYJJJ.raw_loaded
Mining Functions:
• Power Fail information : Flags (F/U/O/N) in the raw file
• Values out of range (not within the site specific high and low limits)
• Zero values
• Missing records (gaps in the time series)
Intermediary results:
• power_fail_log.log
• out_of_range.log
• zeros.log
• missing_records.log
These files are removed after the final output file is generated.
Output:
• SSSYYJJJ_autoqc2
• Update the following tables.
Tables:
o power_fail_log
o out_of_range
o zeros
o missing_records
Figure 5 displays a block diagram of the Automated Data Quality Process Tier 2. It shows how
the various inputs and outputs are processed and loaded into the channel and data quality tables
in the database. This process consists of generating log files for the principal data mining
functions. All of the data in these log files is loaded into their respective tables in the database.
All the log file data is also combined into a logger specific text file (See Figure 5).
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Figure 5. AutoQC Tier IL Data Quality Design Diagram.
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4.0 FUTURE DIRECTIONS
In the future the ESL will begin the research and development of the third tier of the Automated
Data Quality process which is the offline tier. These data quality checks will be built offline of
the data acquisition and loading processes. Complex computationally intense data mining
operations and construction occur at this tier. This type of data quality mining is described as
"Bore" mining to indicate more granularity in the mining operation. In this Tier of analysis
statistics and predictive channel typing are utilized. Some basic features of this type of data
quality analysis are more 'knowledge-based' where by data channels are analyzed according to
type and their behavior is analyzed accordingly. The general approach for this tier is achieved
by utilizing the existing getdatc routine to retrieve data then piping the results retrieved into the
analysis functions.
5.0 SUMMARY
The information included in this report documents the LoanSTAR and Technical Assistance
deliverable Task D, number four, "Automated the Data Analysis/Quality Verification Process to
'Exception Only' (ESL internal)". This process is a three-phase development of a series of
checks that monitor polling information and raw files loaded into the database for low to high
level data quality analysis. Prior to this effort, data quality of the system was largely derived
through a manual, graphic review process. This process, although accurate, is cumbersome in its
scope and implementation. Automation of the "lower-level" data quality checking will enabled a
more refined review process with the implementation of Tier 1 and II processes as outlined
herein. Tier I of data quality is concerned with the polling results, recording of the
telecommunication activity and storing this information an organized manner in the database.
This process loads logging information for sites that failed in a given week which were polled by
the Energy Systems Lab. This process uses various programs to process the outputs of other
upstream programs to consolidate telecommunication and polling problems for the week. Tier II
data quality work is the energy data quality portion. This is a system of quality checks and
algorithms that search for energy data quality when the energy data are loaded into the relational
database. This represents the blast mining functions.
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delete bracket
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6.0 SYSTEM CODE
6.1 Automatic Data Quality Process-Tier 1 (Source)
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create_log.c
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faillist.ec
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6.2 Automatic Data Quality Process-Tier 2 (Source)
autoqc2.ec
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